Desire for weight change and level of dietary consciousness may severely bias reported food intake in dietary surveys. We evaluated to what degree under-and overreporting of energy intake (EI) was related to lifestyle, sociodemographic variables, and attitudes about body weight and diet in a nationwide dietary survey. Data were gathered by a self-administered quantitative food-frequency questionnaire distributed to a representative sample of men and women aged 16-79 y in Norway, of whom 3144 subjects (63%) responded. Reported EI was related to estimated basal metabolic rate (BMR) based on self-reported body weight, age, and sex. An EI:BMR < 1.35 was considered to represent underreporting and an EI:BMR ≥ 2.4 as overreporting of EI. Fewer men than women underreported EI (38% compared with 45%). The fraction of overreporters did not differ significantly between sexes (7% of the men compared with 5% of the women). A large proportion of underreporters was obese (9%) and wanted to reduce their weight (41%). Few overreporters were obese and 12% wanted to increase their weight. Underreporters consumed fewer foods rich in fat and sugar than did the other subjects. Multiple regression analysis showed that desire for weight change and physical activity score were significantly correlated with both EI and EI:BMR when adjusted for sociodemographic and lifestyle variables. Our findings indicated that attitudes about one's own body weight influenced reported EI. These attitudes are important in the interpretation of dietary data because many of the subjects (> 30%) wanted to change their body weight. Am J Clin Nutr 1998;68:266-74.
INTRODUCTION
Bias of reporting energy intake (EI) in relation to energy expenditure is a well-known problem in dietary surveys (1) . Energy expenditure is mainly determined by basal metabolic rate (BMR) and the level of physical activity (2, 3) , and can be measured with good accuracy by the doubly labeled water (DLW) method (4) . However, this method is costly and existing dietary survey methods suitable for use among large samples do not measure EI accurately. A comparison of reported EI with estimated BMR (EI:BMR) can be used to calculate the degree of under-or overreporting of EI (5) . Such comparisons have shown that most dietary surveys underestimate habitual EI (1); however, little information about overestimation of EI is available. EI is typically lower when evaluated by dietary records than by dietary history (1) . Thus, dietary surveys may include systematic errors in registered food consumption. Reported food and EI may also be biased by other factors such as age, sex, educational level, health consciousness, dieting (6) , and degree of obesity (7, 8) . Furthermore, smoking may increase energy metabolism as well as change food preferences and thereby influence body weight (9) .
If subjects under-or overreport their consumption of food items in proportion to their total food intake, it would be a minor problem in epidemiologic studies of diet and health. However, if study participants systematically under-or overreport consumption of selected foods, and if the degree of biased reporting is unevenly distributed within the population, the search for associations between diet and health variables may be disturbed. The increasing prevalence of obesity in many cultures (10) (11) (12) and enhanced focus on the benefits of healthy dietary habits in nutritional education and marketing may aggravate the problem with biased reporting of food intake in dietary surveys.
The aim of this study was to evaluate to what degree underand overreporting of EI was related to sex, age, body mass index (BMI), physical activity, smoking habits, sociodemographic variables, and attitudes about body weight and diet in a nationwide dietary survey. Furthermore, we wanted to examine whether under-or overreporters had more healthy food choices than other subjects. A major advantage with our present study compared with many other surveys was that we evaluated the effect that attitudes such as desire for weight change and dietary consciousness have on under-and overreporting of EI.
Under-and overreporting of energy intake related to weight status and lifestyle in a nationwide sample [1] [2] [3] 
SUBJECTS AND METHODS
In a national dietary survey (NORKOST; 13) , an optical-mark readable self-administered quantitative food-frequency questionnaire was distributed to a representative and randomly selected sample of Norwegians aged 16-79 y, of whom 3144 subjects (63%) completed the questionnaire. The distribution of subjects in different groups of socioeconomic status, location of residence, and level of education was similar in NORKOST compared with the general population (14) . Moreover, there were only small differences between the respondents and the total sample regarding age, sex, geographic distribution, and educational level (13) . BMIs in our present study were also similar to measurements among 30 000 young men at military enrollment (14) and among 113 000 Norwegians examined by the National Health Screening Services (10) .
Of the 3144 respondents, 124 did not give information about weight or height. They were excluded and data from 3020 subjects were used in the present analysis. Five hundred one respondents reported having 1 or several special medical conditions: 130 had hypertension, 92 had hyperlipidemia, 66 had a food allergy, 32 had diabetes, 2 had anorexia, 2 had bulimia nervosa, 32 were pregnant, and 46 were lactating; 99 respondents reported having ≥2 of these conditions. Furthermore, 10 subjects were vegetarians and 28 did not eat a Norwegian diet because they were immigrants. These respondents were left in the sample because exclusion would not have affected the fraction of underand overreporters.
The questionnaire was designed to cover the whole diet, including Ϸ180 food items. The frequency of consumption was given per day, per week, or per month, depending on the food item, and the portion sizes were units such as slices, glasses, cups, pieces, deciliters, and spoons. The portion sizes of the different food items were converted to weights on the basis of standard portions (15) . Questions about weight, height, physical activity, smoking habits, meal frequency, and attitudes related to diet and body weight were also included. Statistics Norway provided information about the subjects' level of education and other sociodemographic variables from their registers (14) . A more detailed description of the subjects, the questionnaire, calculation of nutrients, and reported dietary habits was published previously (13, 16) . The method used in our study was evaluated against 14-d weighed records (17) and 48-h recalls (18) and against the concentration of very-long-chain nϪ3 fatty acids in plasma phospholipids (19) . These studies showed that the questionnaire could be used for assessing individual or group intakes of energy and a wide range of nutrients.
Estimates of BMR were calculated from standard equations based on weight, age, and sex (20) . EI:BMR was calculated for each individual and compared with cutoff values for EI:BMR of < 1.14, 1.14-1.34 (underreporters), 1.35-2.39 (normal range), and ≥ 2.4 (overreporters). The first cutoff value (1.14) was the lowest value for EI:BMR that could, within defined bounds of statistical probability, reflect actual EI over a given measured period (21) . Because our questionnaire measured habitual intake during the past year, we used the value 1.14 suggested by Goldberg et al (21) for single individuals and long-term dietary records (28 d) . Calculation of the lower cutoff limit allows for intraindividual variance in estimating EI, BMR, and physical activity level. In calculating this cutoff value, 1.55 ϫ BMR was used as the energy requirement for a sedentary lifestyle, against which reported intakes were evaluated. The second cutoff value (1.35) was suggested as the lowest value for habitual EI of an individual that is compatible with a normal, not bedridden lifestyle (21) . An EI:BMR above the range 2.0-2.4 is suggested as the maximum for a sustainable lifestyle (5) . These cutoff values do not take into account the true energy expenditure of each individual.
Body weight and height were reported by the participants to the nearest kg and cm, respectively. BMI was computed as the ratio between weight (kg) and squared height (m 2 ). The BMI values were divided into 4 subgroups: < 20 (lean), 20-24 (normal weight), 25-29 (overweight) , and > 30 (obese). Attitudes related to body weight were evaluated by the question: Do you wish to change your weight? There were 3 possible answers: 1) No, 2) Yes, I want to reduce my weight, and 3) Yes, I want to increase my weight.
An activity score was based on information about the subjects' occupation and leisure time physical activity. The following scores were given for occupation: 1 = retired, disabled, and sick; 2 = white-collar workers (medium and highly ranked) and home-working subjects; 3 = skilled blue-collar workers, whitecollar workers (lowly ranked), pupils and students, other selfemployed workers, and occupation undefined or unknown; and 4 = farmers, fishermen, and unskilled blue-collar workers. The following scores were given for frequency of leisure time physical activity ≥ 20 min: 0 = never or less than weekly, 1 = 1 time/wk, 2 = 2-3 times/wk, 3 = 4-6 times/wk, and 4 = every day. The following scores were given for intensity of leisure time physical activity: 0 = easy exercise, not out of breath or sweating, and 2 = hard exercise, out of breath and sweating.
Smoking habits were determined and subjects were divided into 3 categories: nonsmokers, light smokers (< 1-10 cigarettes or pipe-smoking episodes/d), and heavy smokers (≥ 11 cigarettes or pipe-smoking episodes/d). Dietary attention was evaluated by response to the following question: What attention do you pay to having a healthy diet? The following options were given: 1 = very low, 2 = low, 3 = medium, 4 = high, and 5 = very high attention. Location of residence was classified as rural (< 200 inhabitants), urban (3 categories: 200-1999, 2000-19 999 , or 20 000-99 999 inhabitants), or cities (≥ 100 000 inhabitants) based on Norwegian standards (22) . In this paper, dietary habits were described by percentage of dietary energy derived from fat, sugar, and alcohol, in addition to intakes of dietary fiber, vitamin C, and foods, calculated per 10 MJ. The Norwegian Data Inspectorate was notified according to standard procedures regarding the national dietary survey.
Statistics
Students t test and one-way analysis of variance (ANOVA) were used to test differences between groups. Bonferroni correction was made after the ANOVA. Differences in intake of foods and nutrients were tested with the Mann-Whitney U test. The chi-square test was used to test differences in proportion between categories. Multiple regression was used to test the influence of several variables on EI and EI:BMR simultaneously. In step 1 the association between the dependent variables EI and EI:BMR, respectively, and the single independent variables (desire to change weight, physical activity score, length of education, occupation, location of residence, smoking habits, dietary consciousness, and BMI) were tested with age and sex forced into the regression model. In step 2 the following independent variables were entered into the model in 1 block: desire for weight change (desire to increase weight versus others and desire to reduce weight versus others), physical activity score (possible scores: 1-10), level of education (< 13 or ≥ 13 y), location of residence (rural district versus others, urban settlements with 200-1999 inhabitants versus others, urban settlements with 20 000-99 999 inhabitants versus others, and cities versus others), sex, age (16-79 y), smoking habits (nonsmokers versus smokers), and dietary consciousness (possible scores: 1-5). Furthermore, BMI was related to EI but not to EI:BMR in this model because weight was included in the equation for computing both BMR and BMI. The Pearson correlation coefficient between BMI and EI:BMR was Ϫ0.28. Data were analyzed by using the program SPSS (23) .
RESULTS

EI and EI:BMR related to sex and age
Men had a higher EI:BMR than women (1.58 compared with 1.48), and fewer men underreported EI ( Table 1) . Lactating women had a higher EI:BMR than other women of fertile ages (1.74 compared with 1.52, P = 0.006). Men had a higher physical activity score and BMI and paid less attention to eating a healthy diet than did women. More men than women were overweight and fewer men than women wanted to reduce their weight. EI and EI:BMR were highest in the youngest age groups in both sexes ( Table 2) , showing greater reduction with increasing age in men than in women. Underreporting of EI was more seldom and overreporting more common in the younger than in the older age groups. The physical activity score decreased with age in both sexes and the level of dietary consciousness increased with age. BMI increased with age up to 50-59 y in men and up to 60-69 y in women. The percentage of subjects with desire for weight reduction was lowest in the youngest and oldest age groups among men and in the oldest age group among women. Except for men in the youngest age groups, only a small fraction of men and women wanted to increase their weight.
Characteristics of under-and overreporters
Compared with subjects reporting EI:BMRs within the normal range, underreporters of EI were older, had lower physical activity scores, had higher BMIs, were more likely to be obese, and were more likely to want to reduce their weight ( Table 3) . The proportion of obese subjects and of subjects with desire for weight reduction was largest among severe underreporters (EI:BMR < 1.14). Compared with subjects reporting normal EI:BMRs, overreporters of EI were younger, had lower BMIs, were more likely to be lean, and were more likely to want to increase their weight. Few male overreporters wanted to reduce their weight, but as many as 22% of the female overreporters expressed a desire for weight reduction.
The proportion of underreporters of EI increased with BMI and was highest in subjects who wanted to reduce their weight. This occurred in all categories of BMI (Figure 1) . Even though the proportion of underreporters was high among obese subjects who wanted to reduce their weight, only 5% of the subjects were obese and as many as 651 (52%) of the 1249 underreporters had a BMI < 25. The proportion of overreporters was highest among subjects who wanted to increase their weight (Figure 2) . Note that only 2 subjects were included in the category of subjects with BMIs of 25-29 who had a desire to increase their weight. Most of the < 20  15  8  2  3  1  3  4  33  21  20  9  6  4  10  20-24  73  62  57  51  47  43  50  60  61  62  61  62  52  47  25-29  10  27  37  41  43  49  40  5  16  12  23  26  34  34  >30  2  3  4  5  9  5  6  1  2  6  7  5  10  9  Desire for weight change 6  Increase  16  9  3  2  2  3  4  2  4  2  2  1  -2  No change  81  73  75  75  81  71  86  62  59  64  54  60  58  70  Reduction  3  18  22  23  17  26  10  35  37  34  44  39  42  28  Smoking habits 6  Smokers  23  38  47  45  37  32  22  32  40  44  41  31  30  13 1 BMR, basal metabolic rate; EI, energy intake. 2 x -± SD. 3 Significantly different from ages 40-79 y, P <0.05 (one-way ANOVA with Bonferroni correction). 4 Significantly different from ages 40-69 y, P <0.05 (one-way ANOVA with Bonferroni correction). 5 Significantly different from ages 60-79 y, P<0.05 (one-way ANOVA with Bonferroni correction). 6 Significant difference between age groups within sexes in all categories (chi-square test): P < 0.001, except for desire for weight change in women (P<0.05). weight change as well as BMI were good predictors for under-and overreporting of EI, only a minor part of the total number of underand overreporters could be identified with information about BMI and attitudes about change of body weight.
Smoking was more common among overreporters than among subjects with an EI:BMR within the normal range. The proportion of underreporters was lower (39% compared with 43%, P = 0.02) and the proportion of overreporters was higher (8% compared with 5%, P <0.001) among smokers than nonsmokers. Smokers had a lower BMI and a lower physical activity score than nonsmokers. Despite this, male smokers reported a higher EI (12.3 compared with 11.5 MJ/d) and a higher EI:BMR (1.7 compared with 1.5) than nonsmokers.
Dietary habits
Daily intake of most foods was lower among underreporters of EI and higher among overreporters than among subjects with an EI:BMR within the normal range. After the daily intake of foods per 10 MJ EI was computed, both male and female underreporters had a lower intake of foods rich in fat and sugar, such as cakes, potato chips, edible fats, chocolate and sweets, and sugar-containing soft drinks, and a higher intake of potatoes, meat, fish, and nonalcoholcontaining beverages than subjects with an EI:BMR in the normal range ( Table 4 ). Underreporters also had a lower percentage of energy derived from fat and sugar in their diet, whereas the intake of fiber and vitamin C per 10 MJ was higher than that in subjects with an EI:BMR in the normal range. Male as well as female overreporters of EI had a higher intake of potato chips and whole milk, and more energy derived from sugar, than subjects with a normal EI:BMR.
Multiple regression analyses
EI and EI:BMR were positively correlated with desire to increase weight, physical activity score, education, blue-collar work, and residence in rural areas and were negatively correlated with desire to reduce weight, after adjustment for age and sex ( Table 5 ; step 1). Furthermore, EI was negatively correlated with degree of dietary consciousness and BMI, and EI:BMR was positively correlated with smoking. When data from men and women were analyzed separately, smoking was positively correlated with both EI and EI:BMR in men, but not in women. Desire for weight change and physical activity score remained significantly correlated with both EI and EI:BMR when adjusted for sociodemographic and lifestyle variables ( Table 5 ; step 2). Together the independent variables explained 29% and 13% of the variation in EI and EI:BMR, respectively. BMI was only included in the model for EI. When BMI was included in the model for EI:BMR, all the independent variables remained significantly correlated with EI:BMR, except for smoking habits, and the explained variation increased from 13% to 16%.
DISCUSSION
Level of EI
Evaluation studies have shown that the questionnaire used in our dietary survey can be used for assessing EI among individuals and groups. The questionnaire gave a higher EI than did a 48-h recall in adult men and women (9.2 compared with 8.6 MJ/d) (18) . When EI according to the questionnaire was compared with that from 14-d weighed food records from elderly women, the difference was not statistically significant (8.7 compared with 7.8 MJ/d) (17) , although this may have been due to the relatively low number of participants. The correlation coefficient between EI reported with the food-frequency questionnaire and the 48-h recall was 0.47, and was 0.61 between the questionnaire and 14-d weighed records. In 3 reproducibility studies the correlation coefficients for EI were 0.54, 0.67, and 0.77, respectively, when the present questionnaire was used (16) (17) (18) .
The reported EI among men aged 16-29 y in our study was within the range of the reference values for seated work with regular leisure activity; men aged 30-79 y had values within the range of reference values for seated work with low leisure activity (24) . The reported EI among women in our survey was below the Nordic reference values.
Measurements with DLW suggested a daily energy expenditure of 1.4-1.7 ϫ BMR for seated work and 2.0-2.4 ϫ BMR for individuals with strenuous physical activity (5) . The EI:BMR in our study was 1.58 among men and 1.48 among women, which indicates a sedentary lifestyle. A review of 37 dietary surveys showed a mean EI:BMR of 1.50 for men and 1.37 for women (1) . The mean EI:BMR differed between methods and was 1.31, 1.47, and 1.60 when the intake was assessed by 24-h recall, dietary records, and dietary history, respectively. Thus, the EI:BMR reported in the present study was higher than that typically reported by 24-h recall and dietary records and lower than that by dietary history. Most dietary surveys underestimate habitual EI when it is evaluated against the calculated EI:BMR (1).
Level of under-and overreporting of EI
The average proportion of underreporters of EI in our study was of the same magnitude (40-50%) as shown in national surveys in UNDER-AND OVERREPORTING OF ENERGY INTAKE 271 (26), and Finland (27) . In our study, 6% of the subjects reported EIs above the range suggested as the maximum for a sustainable lifestyle. Because few data are published about overreporting from national surveys, we did not know what proportion of overreporting we could expect to find. In DLW studies, an EI:BMR ≥ 2.4 was measured only in soldiers, athletes, and explorers with strenuous, long-endurance physical activity (5) . The possibility of finding more than a few subjects with such heavy activity in our random sample was very low. When differences in the proportion of subjects having an EI:BMR below or above cutoff values used in our study are compared, it is of great importance to keep in mind that these values are blanket definitions that do not take into account the true energy expenditure of each individual. The FAO/WHO/UNU suggested that the average daily energy requirements for men are 1.55, 1.78, and 2.10 ϫ BMR (in MJ/d) for light, moderate, and heavy occupational work, respectively, whereas the requirements for women are 1.56, 1.64, and 1.82 ϫ BMR (2) . The cutoff values used by us assume a sedentary lifestyle among all subjects. DLW measurements have shown that assuming a mean energy expenditure for an inactive population can identify only a proportion of underreporters (28) . Furthermore, DLW measurements have shown that underreporting as well as overreporting of EI may occur across all levels of energy expenditure (29) . Only those EIs that are outside the statistically probable limits of normal variation (EI:BMR < 1.14) can be identified as biased. Adequate identification of false reporting across the full range of EIs requires knowledge of an individual's physical activity. We had no way to assign individual-or group-adjusted cutoffs for the EI:BMRs in our study.
Under-and overreporting of EI related to sex and age
Women were more likely to underreport EI than were men in our study as well as in other national studies (25) (26) (27) when the same cutoff value for both sexes was used. This was also true when DLW was used, showing that fewer men than women underreported EI (16% compared with 35%), whereas the percentage of overreporters was much larger among men than among women (15% compared with 2%) (29) . When adjusted for body size, men had an 11% greater energy expenditure (5) and a higher mean EI:BMR (1, 5) than women. The mean EI:BMR measured with DLW was 1.62 for women and 1.78 for men (21) . If sex-specific EI:BMR values were taken as true population energy expenditures and used in place of 1.55 to derive cutoff values, the difference in proportion of underreporters between sexes in our study would decrease.
In our study fewer underreporters and more overreporters were found in the youngest than in the middle-aged groups. Even though absolute EI:BMR values in our study were lower than those reported in studies using the DLW method (5) , they peaked in the youngest age groups and declined with age, as expected. However, in our study fewer of the 70-79-y-olds than the 50-59-y-olds were underreporters. This may have been related to the relatively high proportion of physically active respondents in the oldest age group. Men and women aged 70-79 y in our study 2 Each independent variable was entered separately together with age and sex forced into a regression model. Sex and age together explained 25% and 5% of the variation in energy intake and EI:BMR, respectively. had EI:BMRs similar to those reported in 14-d weighed records for Norwegian elderly women (17) , as well as those reported by dietary history among Swedish 70-y-old men and women (30) .
Although our physical activity score is crude, it was positively associated with EI and EI:BMR. It was higher in the youngest age groups in both sexes and higher in men than in women. Male and female underreporters had lower physical activity scores and male overreporters had higher scores than subjects with normal EI:BMRs. Thus, some of the variation in EI:BMR, as well as some of the differences in percentages of under-and overreporting between subgroups, may be explained by real differences in energy expenditure because of differences in physical activity.
Because body weight was used for estimating BMR, the degree of under-and overreporting may also be biased because of self-reported weight. On average, self-reported weight and height were given with small errors when evaluated against measurements in large samples of the US (31) and Finnish (32) populations. However, errors in self-reported weight were directly related to BMI. Underweight American men and women overreported their weight by an average of 2.3 and 0.4 kg, respectively, whereas overweight men and women underreported their weight by 1.4 and 3.4 kg, respectively (31) .
Lifestyle and social class
Male smokers had a higher EI and EI:BMR and smokers of both sexes had a lower physical activity than nonsmokers. Despite this, male and female smokers had a lower BMI than nonsmokers. A higher EI and a lower BMI in smokers than in nonsmokers were also found in the Multiple Risk Factor Intervention Trial (33) . Because smoking increases energy metabolism (9), the difference in EI:BMR between smokers and nonsmokers observed in our study may be explained by a higher energy expenditure among smokers. Contrary to our present findings, underreporting of EI was more common in British smokers (34) and US female smokers than in nonsmokers (6) . Furthermore, underreporting of EI was more common in subjects with a short education (< 12 y) than in those with a long education ( ≥ 12 y) in 2 US surveys (6, 26) and in British manual social classes (34) . In our survey, short education, blue-collar work, and residence in rural areas were positively associated with EI and EI:BMR.
Body weight status
DLW measurements have shown that habitual energy expenditure is substantially raised in obese individuals (8) , who tend to underreport EI (1, 35, 36) . Underreporting was also more common in obese than in lean subjects in our study. The physical activity score did not differ significantly between groups of subjects with different BMIs or desire to change weight except that obese women had a lower physical activity score than lean women. Men probably use exercise for weight control more than do women, whereas women may preferentially use dietary restriction (37) .
In our study, BMI was negatively correlated with EI, but this correlation was no longer significant when we adjusted for desire to change weight. In an American survey, adjustment for dieting among the participants also reduced the inverse correlation between EI and BMI (6) . Our findings indicated that individual attitudes about their own body weight strongly influenced reported intake, even if they were asked to report the usual food intake during the previous year. This is of great importance because > 30% of all the participants wanted to change their body weight. Among lean women, 12% wanted to increase their weight and as many as 22% wanted to reduce their weight. Even if attitude about weight was strongly correlated with EI:BMR, the other attitude variable included in our analysis-degree of dietary consciousness-was not correlated with EI:BMR. Although desire for weight change as well as BMI were good predictors of under-and overreporting of EI in the present study, only a small part of the total number of under-and overreporters could be identified with information about BMI and attitudes about change in body weight.
Conclusions
Our study showed that a large fraction of participants underreported EI and that a small fraction reported EI that was higher than likely. Underreporting was more common among women than among men and in the middle-aged than in the youngest age groups when related to cutoff values for a sedentary lifestyle. However, some of the variation in EI:BMR, as well as in differences in the percentage of under-and overreporters between subgroups, may be explained by real differences in energy expenditure due to differences in physical activity and smoking habits. Under-and overreporting of EI were strongly associated with BMI and attitudes about body weight. Desire for weight reduction was associated with underreporting both among normalweight and overweight subjects. Although reported desire for weight change was a good predictor of under-and overreporting of EI, the largest number of under-and overreporters in our survey was found among normal-weight subjects and subjects who did not want to change their body weight. Our findings indicate that it is important to detect the degree and distribution of misreported EI because this may be important in the evaluation of the relation between diet and health.
